long and 3 to 6 cm broad. The juvenile leaves are generally broader than the adult ones but are anatomically similar. The stomatal distribution is asymmetric; in the juvenile leaf, the mean frequency is 20 mm-2 on the adaxial surface and 110 mm-2 on the abaxial surface, while for the adult foliage the mean stomatal frequencies for these surfaces are 37 and 95 mm-2, respectively. E. umbra is native to coastal, medium rainfall areas in Eastern Australia.
The dominant rhythm of stomatal movement is the diurnal one, in which the stomata are fully closed either for the duration of the night or during its early part, and are open to a greater or lesser degree for the remainder of the 24-hr cycle. Oscillations in stomatal aperture may also occur during the daytime. Thus, sinusoidal stomatal rhythms with cycle periods of 30 to 50 min have been recorded for the tomato plant (1, 10) , while similar cyclic fluctuations in transpiration occur in cotton (4) , pepper, and sunflower plants under certain environmental conditions (2) . An interesting feature of these transpiration cycles is that they are synchronized from leaf to leaf on the same plant. This has been interpreted as the result of an interaction or hunting between the resistance to water vapor diffusion from the leaf, controlled by the stomata, and the value of T (water potential) in the xylem of the plant's vascular system. Barrs and Klepper (2) presented evidence that in water culture, root resistance to water flow might provide the conditions under which hunting could occur, and they also demonstrated the kind of environmental changes that are required to initiate the process. By using an electrical analogue, Lang et al. (6) long and 3 to 6 cm broad. The juvenile leaves are generally broader than the adult ones but are anatomically similar. The stomatal distribution is asymmetric; in the juvenile leaf, the mean frequency is 20 mm-2 on the adaxial surface and 110 mm-2 on the abaxial surface, while for the adult foliage the mean stomatal frequencies for these surfaces are 37 and 95 mm-2, respectively. E. umbra is native to coastal, medium rainfall areas in Eastern Australia.
Experimental. Controlled environment experiments were performed in a growth room with controlled temperature and humidity in which the plants were illuminated by a 1.5-kw tungsten iodide lamp. During the 14-hr photoperiod the air temperature was 26 + 1 C and the relative humidity 68 -+-1%. The natural environment experiments were carried out on cloudless days under low to moderate wind speeds and with maximum air temperature of 25 to 28 C. Plant transpiration was continuously recorded by a weighing method (7) . From the weight of transpired water, the mean soil moisture content could be calculated for any time, and used to derive the mean T'o'l value from a standard curve that had been constructed for this soil type by a vapor equilibration technique. A pressure drop field porometer essentially similar to that described by Shimshi (9) was used to record the resistance to air flow through the leaf. Preliminary trials established that the standard error between replicates was less when the time for a given pressure decrease in the apparatus was recorded, than when the pressure decrease in a fixed time period was measured. Therefore, the time for air pressure in the porometer cup to fall from 120 to 100 mm Hg was taken as an index of stomatal resistance, except when this was greater than 60 sec, in which case the measured pressure decrease was reduced by an appropriate factor and the time was corrected to give the index of resistance. Because and juvenile leaves showed that changes in the value of the index greater than 10 could be positively related to changes in the width of the stomatal pore. From this it is concluded that the variation in resistance to airflow through the leaf is principally due to change in stomatal pore area. Successive porometer readings were taken from the same part of each leaf, at intervals of 15 to 20 min. This procedure did not result in any visible injury to the leaf lamina, and it was also established by varying the time interval between successive porometer readings and by random sampling of different leaves that the patterns of variation in porometer resistance that were obtained were not the result of frequent exposure of the same part of the leaf lamina to the porometer test. Figure 1 . The experiment was later repeated on different plants with similar results.
RESULTS
At the lower light intensity (Fig. IA) widely at the beginning of the photoperiod at 0800 hr, but after about 1 hr a slow closing movement commenced which was completed about 8 hr later. During the first part of this closing movement, irregular oscillations in stomatal aperture occurred which were not synchronized from leaf to leaf. The periodicity of the cycles varied from 18 to 32 min. Similar results were obtained at the higher light intensity (Fig. 1B) , although the closing movement was initially less pronounced and was arrested after about 1100 hr, so that oscillations occurred at a greater stomatal aperture than at 0.7 Langley min-'. Natural Environment. When juvenile and adult leaves were examined in the natural environment, no appreciable cycling in stomatal aperture occurred when the soil moisture content was maintained at field capacity ( Fig. 2A) . Instead the stomata opened widely at sunrise and remained at approximately full aperture until 1200 hr, when gradual closure commenced and continued until the stomata were fully closed, just after sunset. If the soil moisture content was allowed to decrease over 24 hr by withholding water until the mean s had fallen to about -2 bars, then slow oscillations in stomatal aperture appeared during the daytime on cloudless days. Examples of these oscillations in two plants are shown in Figure 2 , B and C, for juvenile and adult leaves, respectively. They were less regular than those that developed in the controlled environment, and the cycle length was generally longer, ranging from 58 to 95 min, but there was also no sustained synchronization in the periodicity of the oscillations from one leaf to another on the same plant. It was sometimes seen that the stomatal oscillations of two leaves were in phase for short periods (Fig. 2C, 1130-1345 ), but the transient nature of this occurrence suggested that it was due to chance. In contrast to these results for separate leaves, it was found that the stomatal oscillations in different parts of the same leaf lamina were always synchronized.
Further evidence that the oscillations in stomatal aperture shown by individual leaves are predominantly not in phase on an individual plant was obtained by determining porometer resistance for samples of 20 leaves distributed at random through the leaf canopy of each of two plants at 2-hr intervals. The results obtained on each occasion varied widely within each canopy and the resistance values for individual leaves changed markedly during the interval between sampling.
When P8011 was allowed to fall lower than about -3 bars by withholding the soil water supply for several days, short period oscillations in stomatal aperture did not occur. Instead, at P.,01 of about -5 bars, for example, transient closure movements of 1 to several hours duration took place during the day. Alternatively, the stomata gradually closed during the day after opening in the early morning. These stomatal movements were also generally not in phase from leaf to leaf on the same plant.
DISCUSSION
The finding that oscillations in stomatal resistance occurred in the controlled environment, when ,l,i was close to zero (about -0.2 bar) but not in the natural environment, probably shows the importance of root resistance as a factor in sustaining these oscillations. The resistance of roots to water flow decreases as transpiration increases (5), and the average daily transpiration rate in the controlled environment was only 10 to 20% of that prevailing in the natural environment on sunny days, because of the lower mean light intensity illuminating the leaf canopy. Therefore, the root resistance of the plant in the controlled environment chamber appeared to be sufficiently great to initiate stomatal oscillations. The presence of stomatal oscillations in plants growing in the open after some degree of soil drying had occurred suggests that a resistance to nonsaturated water flow in the soil can substitute for root resistance in inducing oscillations. If this is the case, then the value of the required soil or root resistance appears to be small and approximately equivalent to a water potential value of from -2 to -3 bars.
The absence of phase synchrony between stomatal oscillations on different leaves of each plant in E. umbra shows that either there is no common plant factor serving to synchronize changes in leaf water potential in the leaf population, or this factor is inadequate for the purpose. It has been argued (6) that xylem water potential serves as the coordinating or "forcing" factor. This requires that there should be good lateral continuity between vascular elements supplying water to different parts of the leaf canopy, so that water potential changes in the xylem would be common to all parts of the xylem network in the shoot. There is both anatomical and physiological evidence (3) that this is generally the case in herbs, but the experimental evidence for woody plants (8) shows that water tends to flow along discrete pathways in the xylem, although whether this is due to resistance to lateral flow or the absence of lateral water potential gradients is not clear. If, however, resistance to lateral water movement in the xylem of woody plants such as Eucalyptus does occur, it may be of sufficient magnitude to prevent changes in water potential in one part of the xylem network from being quickly transmitted to other parts, so that as transpiration occurs during the daytime, variation in water potential may develop in parts of the xylem. This could cause differences in the phase and period of stomatal oscillation between separated leaves in the canopy.
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